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EXECUTIVE SUMMARY

The first attempt to launch Atlantis was made on October 17, 1989, at 12:57 p.m.
Eastern Daylight Time (EDT). It was scrubbed due to rain showers seven miles from
the Return To Launch Site (RTLS) runway. This was a Launch Commit Criteria (LCC)
violation; the LCC requires that there be no rain within 20 miles of the RTLS at launch.
STS-34 launch was rescheduled for the next day, October 18, 1989.

On October 18, the launch countdown proceeded on schedule through the final
planned hold, at T-9 minutes. At T-5 minutes, the countdown was held for 3 minutes
40 seconds to update the onboard computer configuration. This update was required to
reflect the change in the Transatlantic Abort Landing (TAL) site from Ben Guerir,
Morocco to Zaragosa, Spain. Weather at Ben Guerir, the primary TAL site, was
declared unacceptable because of rain near the runway. Atlantis was launched
satisfactorily at 12:53:40 p.m. EDT, and the Orbiter achieved the planned orbit.

Galileo was launched on its six-year journey to Jupiter approximately 6 hours
after the STS launch. Deployment of Galileo from the payload bay was flawless, and
the Inertial Upper Stage (IUS) performed nominally. All other payloads and
experiments operated successfully throughout the mission. Overall, STS-34 was an
unqualified success.

Because of a forecast of high winds at Edwards Air Force Base (EAFB), the
planned landing on orbit 82 was moved up by two orbits. Atlantis landed on EAFB
Runway 23 (lakebed) at 12:33:11 p.m. EDT on October 23, 1989. Nosewheel steering
and crosswind landing development test objectives were not performed.
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FOREWORD

The Mission Safety Evaluation (MSE) is a National Aeronautics and Space
Administration (NASA) Headquarters Safety Division, Code QS produced document
that is prepared for use by the NASA Associate Administrator, Office of Safety,
Reliability, Maintainability, and Quality Assurance (SRM&QA) and the National Space
Transportation System (NSTS) Program Manager prior to each NSTS flight. The intent
of the MSE is to document safety risk factors that represent a change, or potential
change, to the risk baselined by the Program Requirements Control Board (PRCB) in
the NSTS Hazard Reports. Unresolved safety risk factors impacting the STS-34 flight
are also documented prior tothe STS-34 Flight Readiness Review (FRR) (FRR Edition)
and prior to the STS-34 Launch Minus Two-Day (L-2) Review (L-2 Edition).. This
final mission edition evaluates performance against safety risk factors identified in
previous editions for this mission.

The MSE is published on a mission-by-mission basis for use in the FRR and is
updated for the L-2 Review. For tracking and archival purposes, the MSE is issued in
final report format after each NSTS flight.
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SECTION 1

INTRODUCTION

1.1  Purpose

The Mission Safety Evaluation (MSE) provides the Associate Administrator, Office
of Safety, Reliability, Maintainability, and Quality Assurance (SRM&QA) and the
National Space Transportation System (NSTS) Program Manager with the NASA
Headquarters Safety Division position on significant changes, or potential changes, to the
Program safety risk baseline approved in the formal Failure Modes and Effects
Analysis/Critical Items List (FMEA/CIL) and Hazard Analysis process. While some
changes to the baseline since the previous flight are included to highlight their
significance in risk level change, the primary purpose is to ensure that changes which
were too late to include in formal changes through the FMEA/CIL and Hazard Analysis
process are documented along with the safety position, which includes the acceptance
rationale.

1.2 Scope

This report addresses STS-34 safety risk factors that represent a change from
previous flights, factors from previous flights that have impact on this flight, and factors
that are unique to this flight.

Factors listed in the MSE are essentially limited to items that affect or have the
potential to affect NSTS safety risk factors and have been elevated to Level I for
discussion or approval. These changes are derived from a variety of sources such as
issues, concerns, problems, and anomalies. It is not the intent to attempt to scour lower
level files for items dispositioned and closed at those levels and report them here; it is
assumed that their significance is such that Level I discussion or approval is not
appropriate for them. Items against which there is clearly no safety impact or potential
concern will not be reported here, although items that were evaluated at some length
and found not to be a concern will be reported as such. NASA Safety Reporting System
(NSRS) issues are considered along with the other factors, but may not be specifically
identified as such.

Data gathering is a continuous process. However, collating and focusing of MSE
data for a specific mission begins prior to the mission Launch Site Flow Review (LSFR)
and continues through the flight and return of the Orbiter to Kennedy Space Center
(KSC). For archival purposes, the MSE is updated subsequent to the mission to add
items identified too late for inclusion in the prelaunch report and to document
performance of the anomalous systems for possible future use in safety evaluations.
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1.3 Organization

The MSE is presented in eight sections as follows:

Section 1

Section 2 -

Section 3 -

Section 4 -

Section § -

Section 6 -

Section 7 -

Section 8 -

Appendix A -

Provides brief introductory remarks, including purpose, scope,
and organization.

Provides a brief mission description, including launch data,
crew size, mission duration, launch and landing sites, and other
mission-related information.

Contains a list of safety risk factors/issues, considered resolved
or not a safety concern prior to STS-34 launch, that were
impacted or repeated by anomalies reported for the STS-34
flight.

Contains a list of safety risk factors that are considered
resolved for STS-34.

Contains a list of Inflight Anomalies (IFAs) that developed
during the STS-28 mission.

Contains a list of IFAs that developed during the STS-30
mission.

Contains a list of IFAs that developed during the STS-34
mission. Those STS-34 IFAs which are considered to represent
safety risks will be addressed in the MSE for the next NSTS
flight.

Contains background and historical data on the issues,
problems, concerns, and anomalies addressed in Sections 3
through 7. This section is not normally provided as part of the
MSE, but is available upon request. It contains (in notebook
format) presentation data, white papers, and other
documentation. These data were used to support the
resolution rationale or retention of open status for each item
discussed in the MSE.

Provides a list of acronyms used in this report.
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SECTION 2
STS-34 MISSION SUMMARY
2.1 Summary Description of STS-34 Mission

The first attempt to launch Atlantis was made on October 17, 1989, at 12:57 p.m.
Eastern Daylight Time (EDT). This attempt was scrubbed due to rain showers seven
miles from the Return To Launch Site (RTLS) runway. This was a Launch Commit
Criteria (LCC) violation; the LCC requires that there be no rain within 20 miles of the
RTLS at launch. Launch of STS-34 was rescheduled for the next day, October 18, 1989.

On October 18, the launch countdown proceeded on schedule through the final
planned hold, at T-9 minutes. At T-5 minutes, the countdown was held for 3 minutes,
40 seconds to update the onboard computer configuration. This update was required to
reflect the change in the Transatlantic Abort Landing (TAL) site from Ben Guerir,
Morocco to Zaragosa, Spain. Weather at Ben Guerir, the primary TAL site, was
declared unacceptable because of rain near the runway. Atlantis was launched
satisfactorily at 12:53:40 p.m. EDT, and the Orbiter achieved on the planned orbit.

Galileo was launched on its six-year journey to Jupiter approximately 6 hours after
the STS launch. Deployment of Galileo from the payload bay was flawless, and the
Inertial Upper Stage (IUS) performed nominally. All other payloads and experiments
operated successfully throughout the mission. Overall, STS-34 was an unqualified
SUCCESS.

During ascent, Auxiliary Power Unit (APU) #1 experienced an anomaly that
caused a shift to the high-speed mode. The crew manually selected the high-speed band
to avoid APU high-speed alarms. APU #1 continued to operate satisfactorily at the
high-speed position for the remainder of ascent. This anomaly caused a change in APU
usage during the mission. APU #3 was used for Flight Control System (FCS) checkout
instead of APU #1. APU #2 was the first APU started for reentry, 5 minutes prior to
the deorbit maneuver. APU #3 was started 13 minutes prior to reentry interface.
Because of the high-speed anomaly with APU #1, and its relation to limited-life
concerns, APU #1 was not turned on until Mach 10, 11.5 minutes before landing.

APU #1 was started in high speed and was shut down shortly after wheel stop.

The Flash Evaporator System (FES), primary "A", shut down after Main Engine

Cutoff (MECO). The secondary high-load operated satisfactorily. Inflight maintenance
was performed on the FES, and the system was restored to normal operation.
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Prior to the second Orbital Maneuvering System (OMS) burn, an Input/OQutput
(1/O) error occurred in the Multiplexer/Demultiplexer (MDM) Flight Aft 1 (FA-1). An
I/O reset attempt failed to recover the unit. The crew successfully port-moded the
MDM to a secondary port, where it continued to operate error-free. The impact of this
anomaly was loss of the redundant data path to MDM FA-1.

At approximately 5 hours Mission Elapsed Time (MET), APU Gas
Generator/Fuel Pump (GG/FP) system "A" heaters were turned on. APU #1 and #3
responded nominally; however, no temperature response was noted for APU #2 heaters.
APU #2, system "B" heaters were selected and operated properly on all three APUs.
During the crew post-sleep period on Flight Day 2 (FD-2), APU #2 GG/FP heater was
switched to system "A" to determine if the total heater system "A" had failed or if only
the gas generator bend heater had failed. During the 3 1/2 hours of heater system "A"
operation, the GG/FP system heaters did not cycle, indicating that the entire heater
system "A" was anomalous.

When the crew attempted to close Cryogenic Oxygen Manifold Valve #2, during
the crew pre-sleep period on FD-2, there was no indication that the valve had closed.
Since the anomaly occurred so close to the sleep period, the cryo tank was placed in a
safe configuration until the beginning of the next flight day. On FD-3, the switch
controlling the cryo valve was actuated and the valve closed as commanded by the crew.
To protect against the valve failing open, the valve was left closed for the remainder of
the mission. The impact of this anomaly was a potential inability to maintain nominal
cryogenic oxygen quantity balancing,

Approximately 58 hours into the mission, APU #2 GG/FP system "B" heaters
started cycling erratically and, during the crew sleep period on FD-4, the APU #2 fuel
pump bypass line temperature sensor violated the upper Fault Detection Annunciator
(FDA) 180°F limit. The crew was awakened to switch to the system "A" heaters and to
monitor associated temperatures. Acceptable APU fuel pump temperatures were
maintained by manual heater cycling during the day and by selected Orbiter thermal
control attitudes during crew sleep periods. On FD-5, the crew switched back to the
system "B" heaters, which again operated erratically. Temperatures, however, were
maintained within specified limits for the remainder of the mission.

Because of a high winds forecast at Edwards Air Force Base (EAFB), the planned
landing on orbit 82 was moved up by two orbits. Atlantis landed on EAFB Runway 23
(lakebed) at 12:33:11 p.m. EDT on October 23, 1989. Nosewheel steering and crosswind
landing development test objectives were not performed.
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2.2 Flight/Vehicle Data
. Launch Period: October 12, 1989 to November 21, 1989
. Launch Date: October 18, 1989
. Lauch Time: 12:53:40 p.m. EDT
. Launch Site: KSC Pad 39B
. RTLS: Kennedy Space Center, Runway 33

. TAL Site: Zaragosa, Spain (Changed from Ben Guerir, Morocco due
to rain at the Ben Guerir runway.)

. Alternate TAL Site: Moron, Spain

. Landing Site: Edwards AFB, CA, Lakebed

. Landing Date: October 23, 1989

. Landing Time: 12:33:11 p.m. EDT

. Mission Duration: 4 Days, 23 Hours, 40 minutes (80 Orbits)
. Crew Size: 5

. Inclination: 34.3 Degrees

. Altitude: 160 Nautical Miles/Direct Insertion
. Orbiter: OV-104 (5) Atlantis

. SSMEs: (1) #2027, (2) #2030, (3) #2029

. ET: ET-027

. SRBs: BI-033

. SRMs: RSRM Flight Set #6
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2.3 Payload Data

Payload Bay:

Middeck:

Galileo Spacecraft/Inertial Upper Stage (IUS)
Shuttle Solar Backscatter Ultraviolet (SSBUV)

Air Force Maui Optical Site (AMOS) Calibration Test

Growth Hormone Concentration Distribution (GHCD) in Plants
Polymer Morphology (PM) Experiment

IMAX Camera System

Mesoscale Lightning Experiment (MLE)

Sensor Technology Experiment (STEX)

Zero Gravity Growth of Ice Crystals from Supercooled Water with
Relation to Temperature (Project SE82-15)

2-4 STS-34 Postflight Edition



SECTION 3

SAFETY RISK FACTORS/ISSUES IMPACTED BY STS-34 ANOMALIES

This section contains a list of the safety risk factors/issues, considered resolved or
not a safety concern for STS-34 prior to launch (see Sections 4, 5, 6, and 7), that were
impacted or repeated by anomalies reported for the STS-34 flight. The list indicates the
section of this Mission Safety Evaluation (MSE) Report in which the item is addressed,
the item designation (Element/Number) within that section, a description of the item,
and brief comments concerning the anomalous condition that was reported.
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ITEM

Section 4: Resolved Safety Risk Factors

SRB 5 Aft skirt Factor of Safety
(FOS) waiver.

SRM 3 Putty found on outer igniter
gasket on STS-33 RH Solid
Rocket Motor (SRM)
(pretlight).

Section 5: STS-28 Inflight Anomalies

Orbiter 14 Excessive body flap
deflection during ascent.

3-2

COMMENT

During STS-34 launch, the holddown
stud at Holddown Post (HDP) #2
(Right-Hand (RH) tension post) hung-up
at liftoff. This resulted in broaching of
the right SRB aft skirt and thread
impressions at the HDP bore. Stud
hangups were recorded on five previous
missions (STS-2, STS-4, STS-51],
STS-51J, and STS-61A). MSFC
continues to investigate the stud hangup
anomaly.

(IFA No. STS-34-M-01)

During STS-34/SRM postflight
inspection, putty was found up to the aft
face of the outer primary gasket and
into the seal void/gland area between
234° and (° of the right SRM igniter.
This indicates that vertical igniter
installation does not necessarily resolve
the igniter putty problem. The putty did
not go past the primary seal, and no
blowholes were found.

(IFA No. STS-34-M-03)

STS-34/0V-104 ascent film review found
some evidence of body flap deflection;
however, it was not considered as great
as seen on STS-28/0V-102. No damage
to tile or body flap mechanisms was
reported during postflight inspection.
(Not an IFA on STS-34)
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ITEM

Section 5: STS-28 Inflight Anomalies

Loose bolts on the left
Solid Rocket Booster
(SRB) External Tank
Attachment (ETA).

SRB 1

Section 6: STS-30 Inflight Anomalies

SRM 1 Factory joint weather seal

aft edge unbonding.

3-3

COMMENT

Postflight STS-34 SRB inspection found
that certain fasteners and connectors
were either not torqued or not properly
safety wired. Effort is underway at
Kennedy Space Center (KSC) to
emphasize the importance of good
workmanship and proper installation of
fasteners and connectors.

(IFA No. STS-34-K-03).

Three forward edge factory joint weather
seal unbonds were noted on the left-
hand STS-34 SRB. Corrosion was
present on the outside diameter of the
outer clevis leg on both joints. Adhesive
failure implies that the cause of the
unbond is case surface contamination.
No sooting or heat effects were found
under the weather seal, indicating that
the unbonds occurred at splashdown.
(IFA No. STS-34-M-02)
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SECTION 4

RESOLVED STS-34 SAFETY RISK FACTORS

This section contains a list of the safety risk factors that are considered resolved
for STS-34. These items have been reviewed by the NASA safety community. A
description and information regarding problem resolution are provided for each safety
risk factor. The safety position with respect to resolution is based on findings resulting
from System Safety Review Panel (SSRP) and Program Requirements Control Board
(PRCB) reviews (or other special panel findings, etc.). It represents the safety
assessment arrived at in accordance with actions taken, efforts conducted, and
tests/retests and inspections performed to resolve each specific problem.
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SECTION 4 INDEX

INTEGRATION

1

2
3

ORBITER

LI N —

10
11

12
13
14
15

16
17
18

19

External Tank/Orbiter Separation Assembly Cartridge failure to generate
sufficient pressure to separate the separation bolt.

Rosemont braze/weld deficiencies.

Rice fastener alert.

Hydraulic system noise.

Reaction Control System left helium valve "A" failed.

Contamination found in Reaction Control System propellant tank.
Liquid Oxygen umbilical actuator failure.

Orbital Maneuvering System oxidizer propellant inlet line leak.
Auxiliary Power Unit Quick Disconnect leak.

Reaction Control System L2U Thruster combustion chamber overpressure.
OV-104 has four Multiplexer-Demultiplexers that may contain Erie
capacitors which are prone to failure.

Main Propulsion System Flex Hose leakage.

Main and nose gear wheel assembly overinflation plug burst disk concern.
750-pounds per square inch absolute helium regulator failed to lock up
after a "slam test."

Fuel cell separator plate plating defects.

Star Tracker Door stalled during closure.

Backup Flight Software downlist anomaly.

Right-hand Reaction Control System B-leg primary helium regulator
anomaly.

Reaction Control System helium tank liner delaminations/yielding.
Potential tire failure due to undetected delaminations after preroll.
Pyrotechnic harnesses on OV-104 Orbiter/External Tank umbilical have
previously flown.

Orbital Maneuvering System fuel tank weld crack in communication
screen.
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SECTION 4 INDEX - (Cont.)

Nozzle tube bulge on engine #2027.

Crack found on diffuser lip of High-Pressure Fuel Turbopump.

Main Combustion Chamber bond line leak.

Main Engine #1 O-Ring damage.

Severity 2 software problem fix not implemented for STS-34.

Engine #2029 high-pressure fuel duct alignment.

Lack of penetration noted in High-Pressure Oxidizer Turbopump weld
joint 4.

High Pressure Oxidizer Turbopump cupwasher rotation.

Engine #2 Controller anomaly.

Engine #0213 Main Combustion Chamber liner cavity diaphragm ruptured
at higher than design pressure.

External Tank Liquid Oxygen tank buckle/dimple (oil can).
Probability exists for the External Tank debris to impact land masses.
Large divot occurred in External Tank acreage Thermal Protection System.

Potential criticality 1 failure mode related to Solid Rocket Beacon
Tracking System.

Cracks found in an Auxiliary Power Unit containment housing.
Possible use of improperly certified flight hardware by United Space
Booster, Inc.

Solid Rocket Booster heater cable failed the Dielectric Withstanding

Voltage test.
Aft skirt Factor of Safety waiver.
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SECTION 4 INDEX - (Cont.)

Defective Hypalon paint used on STS-34 Solid Rocket Motor aft skirt.
Fretting on STS-34 segments.

Putty found on outer igniter gasket on STS-33 right-hand Solid Rocket
Motor.

Solid Rocket Motor lightweight stiffener segment Factor of Safety.
Insulation voids on forward dome.

Forward dome thin insulation Factor of Safety.

Inadvertent actuation of console keys could lead to critical conditions.

Inertial Upper Stage Aft Frame Tilt Actuator overspeed failure mode.
Inertial Upper Stage Explosive Train Assembly B-nut concern.
Inertial Upper Stage Through-Bulkhead Initiator leakage.

Inertial Upper Stage Converter Regulator Unit transistor short.
Radioisotope Thermoelectric Generator cooling line blockage.

Inertial Upper Stage Safe and Arm device contamination.

Orbiter Environmental Control System overtemperature anomaly.
Vertical Processing Facility payload Environmental Control System failure.
Inertial Upper Stage Aft Frame Tilt Actuator test problem.

Inertial Upper Stage Computer A single-bit errors.

Galileo/Inertial Upper Stage separation switch anomaly.

Galileo Pressure Relief Device attachment bolt anomaly.
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SECTION 5

STS-28 INFLIGHT ANOMALIES

This section contains a list of Inflight Anomalies (IFAs) arising from the STS-28
mission. Each anomaly is briefly described, and risk acceptance information and
rationale are provided.
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Pilot seat moved during ascent.

Vernier thruster FSR annunciated fail leak.

Nose Landing Gear Weight-On-Wheels indication failed off.

Fuel Cell #1 Hydrogen flow erratic.

Abort light failure.

Forward Reaction Control System FSL heater failed "on".

Main Bus C utility outlet #1 teleprinter short circuit. (Teleprinter cable
anomaly)

Auxiliary Power Unit isolation valve talkback failure.

Low Freon flow.

Right-hand Orbital Maneuvering System fuel quantity gage high.
Auxiliary Power Unit #1 test line temperature high.

Crew experienced sneezing,

Hydraulic System #2 unloader valve operated out of specification.
Body flap deflection excessive during ascent.

Orbiter structure heat damage.

Crew reported a loud thump/thud at first OPS-1 transition.
SSME #1 Gaseous Hydrogen Flow Control Valve showed sluggish
response.

Early boundary layer transition.

Loose foam on the External Tank Liquid Oxygen Umbilical.

Loose bolts on the left Solid Rocket Booster External Tank Attachment
Ring.

Gask-O-Seal void found during postflight inspection.

Mobile Launch Platform recorders were accidently turned off.

5-2 STS-34 Postflight Edition
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SECTION 6
STS-30 INFLIGHT ANOMALIES

This section contains a list of Inflight Anomalies (IFAs) arising from the STS-30
mission. Each anomaly is briefly described, and risk acceptance information and
rationale are provided.

6-1 STS-34 Postflight Edition
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SECTION 6 INDEX

Cabin pressure transducer failed.

The #2 Gaseous Hydrogen pressure system temperature indicator failed.
Center engine Liquid Hydrogen inlet pressure transducer failed.

Fuel Cell #2 Hydrogen flow meter failed.

Left engine Liquid Hydrogen inlet pressure transducer biased low.
Reaction Control System Jet R1U failed off, post External Tank
separation.

Auxiliary Power Unit #2 Gas Generator fuel pump "A" heaters
inoperative.

Right Orbital Maneuvering System fuel total quantity gage failed.
Right Reaction Control System A-leg oxidizer helium isolation valve failed
open.

Water Spray Boiler #2 Gaseous Nitrogen pressure decay.

General Purpose Computer #4 failed to sync.

Engine helium fill Check Valve failures.

The right Orbital Maneuvering System Gaseous Nitrogen pressure
regulator regulated low.

Main landing gear fluid leak.

Nose wheel steering enable late.

Ding on forward window #6.

The Altitude/Vertical Velocity Indicator reading was high during Flight
Control System checkout.

Bulkhead blanket damage.

Factory joint weather seal aft edge unbonding.
Cut in the secondary seal of the outer gasket.
Solid Rocket Motor nozzle snubber ring displacement.

Left-Hand Solid Rocket Booster main parachute failure.

Debris lost from multiple Debris Containment Systems.

Left-Hand Solid Rocket Booster External Tank Attachment cover sheared
fasteners.

Left-Hand Solid Rocket Booster External Tank Attachment Ring cap and
web separation.

6-2 STS-34 Postflight Edition



SECTION 6 INDEX - (Cont.)

Leak in 4" Liquid Hydrogen recirculation line.

6-3

STS-34 Postflight Edition



uonipg W3IJIsod $€-S1S v-9

‘$E-SIS 40f waouod f3fos v JoN

"paoejdar pue poowal sem Jey) 1adnpsues)
peq ® 03 paoen) sem wajqoad oyy -judose Juump (1sd) your arenbs 1ad spunod

PE-SLS u0 pauodas som Kpuoup oN
d20-0£-S.LS "ON VdI

"pajrej 12onpsuer) ainssaxd joqur

7 01 1 £orewmxordde 1e pajrey 1oonpsuen ainssaid 1aqun Py suiBus 19)u9d Sy (*H1) waSoapAy pmbry sm3us 101ua) €
FE-SLS w0 pauodas som pwoun oN
PE-SLS 40f wau0d &3fos v JoN dz0-0£-SLS ©ON VdlI
‘paoerdos pue paaowal ‘pafte)
SeM 12onpsuel} 9], ‘I90npsuen) peq e o) wojqosd ay) pases; DS Yy paqrey Jojesiput aimjeradua) woshs anssaxd
101e21pu WSS aunssaxd THO (FWSS) surdug urey spnys 20edg e ydiyg 01 Joug (*HO) usBoipdY snoasery z# oYL z
$E-SLS WO pauodas som Kipwoun oN
FE-SLS 20f warvod Kafos o JoN
1L0-990 O°N ¥H
‘wopqoad sty) 9jeuTwd 0) sanpadoid uondadsul JnoSOP UIqEd
paswal seq (DSY) 191u2) 9oedg Apoauuay ‘1od 19onpsuen oy wo s sem ded Jsnp 10-0€-S.1S 'ON Vil
o1 jey) paearst jduane 11y oy) uo gnuds Jayye uonpadsuy -Ajradosd vonezunssaid
wqed 19)51821 0) pajrey 1aonpsuer) ainssaxd uiqes o) ‘younepord Suung ‘ps[re] 1oonpsuen) ainssaxd uiqe) 1
Jd1L19d0
FTYNOILLVYH ATVHNONVY 'ON "03S
FONVLdIOOV NSIH/SLINIWWOD JALNEVE RE]

SANMVINONY LHOIT4NI 0E-S1S



uonipg W3isod v¢-SILS $9

FE-SULS 40f waou0d K13Jps p JON

*101ARYDQ [RUITOU SI SIY] JeY) PAjedtpul mamar Asumod (1d)

[euOnRUISIU] MNP0 /DSH/(DSS) 191u3) 9oedg uosuyof ‘saurdud 7 I3YI0 aY)
uey) somoy 1sd o1 peoas AesrdAy z# owdus Jey) pamoys uonen[esd DY UMOpYINO)
01 (sdj) puodas 12d 199§ 005y = (TTUA) AND0|9A 2ane|ay woIj 2unssaxd fenpe

$E-S LS U0 payodas som Kpwoun oN
H70-0£-S.LS ON VdI

‘MO] paseiq

ueyy) 1omof 1sd 1 Moqe Surpeas sem roonpsuery anssaid Joput PHY Surdud 1o Y, 12onpsuer) 2nssaxd joqui ‘1 sudus Y] 9
PE-SLS 1o pauodas som fipwoun oN
£€82-1990 ON dH
PE-SLS 20f w2ouod &afos v 10N d20-0£-S1LS 'ON VI
‘Apradoxd Bunjiom pajsels 1oonpsuel) 9Y) ‘UOISSIW JY) JO PUS OY) PIEMO], ‘pofrej 1010w
~moy/punod ¢'9 03 70 £q Y31y payIys 19onpsuen moy “H T# Od 4} W31y BuLng moyj (*H) uaBophH Z# (D) RO 1ond 14
YH.LIFHO
IFTVNOLLVH ATVINONYV "ON "03S
JONVLAIDOV MSIH/SINIWWOO AL E[VERE!]

SAINMVIWONY LHODITINI 0€-S1S



uonipg W3ISod p¢-SLS 9-9

YE-SLS 20f 21qp1d2300 SDM 201IDf 35U ST “Sea1DPY ) w1 Kouppunpas fo asnpaag

"L2-S.LS U0 paindo smjre] repuns v woafqord oy Funessdar w nyssadonsun
sem OSY ‘Aprodoad pojerado gorgm siaeay g, oYl 03 POYINMS MIId YL
-parexado yamms oY) uaym puodsai jou pip s1aeay v, dund [an) OO 74 NV

‘PE-SLS 20f 21qr1d200D sPM 4010Df Yy5Uu STY ],

"$€-S.LS 01 Joud (pod €0T-AO Ue) €04 PO Y paoe[dal pue paaowds sem

104 POd ‘POT-AO ‘ST s19f SO 19410 Jo Aduepunpas feuoidpuny pue ‘pautojiad
uonpadsur pue )59) ‘s)ydiyy 151y snowmsad wr sanpey ou uo pIseq sem Y3y

10§ opeuones oy, (i L1194 wo “3-9) uoneUIWEIUOD JJBINU Y] O] PIANGIIUOI
pue STONIPUOD Iagjeam SsIoape Suump 1of oY) ojur paxeay oaey Aew I2)em Jey) yons
pauonisod st 39 Ty 94 °9sN puodas oY) uo aw) Yoea pajiej £ay) ‘asn 1s11y wo [1e]
10u pip s19{ osoq], “Buruodo w01y 9AfeA o) PaIudAId SSOUYONS "SIINXI[) PIPOIIOD
pue 93e)s jopid pue jess oFe)s utew oy} uo UONeUTWEIUOD ARINT JulEesads ede O
pue IOPUSA IY) O} JU3s Sem SA[eA 9y ], ‘wado O} PofIe] Jey) SA[eA JIZIPIXO Y} PIIR[OS]
sisA[eay  *)59) 2snjeudis e Sunmp mols aq o) punoj sem 98ess yopd o ‘€0I-AO

uo poprej jey) ol owes oY) St S, ‘PISOP Pa[Ie] A[eA ISZIPIXO Y], -2inssaid
Jaqureyd mof 0} anp uoneredos 17 1oye vomsod Jjo, oy w pafre] 1Y 19f SOY

(905£-SLS ON ViI) HOI-NO/#£-SLS
10 pauodas som pwoun sy |

0ST- 1990 ON ¥H
90-0¢-S.LS "'ON VdI
-aanesadout

s191e9y v, dund [onj (H0) J0)es0U20)
seD) 7# (NdV) W 19mo4 Areymny

FE-SLS U0 pauodas som Gowoun oy
€02-14d0 °N ¥H

S0-0£-S.LS ON VAl

‘uonesedas
(13) yuey, feusony 1sod Po papr-j
NTA 12f (SOY) WASAS [01UO) UOIPEIY

9

411940

JFTVNOILVYH
JONVLdIOOV NSIH/SLNIWWOD

ATVNONY

"ON "D3S
/IN3Iw313

SANMYIWONYV 1HOIT4NI 08-S1S



uonipg 3isod ve-SILS L9

FE-SLS 4of waod Gafos v JoN

g ajex

¥e3] oy} astex 0) ksumoy/ 1y £q paredasd sem (NDYY) 210N 28uey) sjwowannbay
v swowaxmbar (QSYWO) wawndog suonedtioads pue sjuswannbay
ueudurepy jeoneradQ 10d DSY Aq powiojiad sem nos3ueyd [ewIoN Y3y

Jo sanoy 4 1511y o) Surmp 2inssaxd 1ojen3or gsm oy ut doap 1sd ¢ £q paouapud

FE-S IS u0 payodas som muoun oN

€1T-DINI
ZLO-OLNI ON dH

01-0t-SLS'ON VdI

‘Keaap amssaxd ((NO) uaBormn

se Z# gSM  aAea Ajddns D) o) Jo weansumop yea| e 3q 0) pareadde arayJ, snoasen) z# (4SM) 191109 Aeidg 1em o1
PE-SLS 40f paajosas som sopof ysu syl $E-SLS w0 pavodar som owoun oN
"Buissaooad TIT-1940 N ¥H
Suump payoA A[feuondUN 210M SIA[RA H£-SIS 'Iuaq 91om suid swos Buiwnnoea
10109uU0d Suun( “I0}IUVOD 674 Y) U1 punoj a1am sdip e paredas 60-0£-SLS "ON VI
sem pod $01-AO YL ‘9PIeA woyy pasowal sem pod oY) uoym Aredord payrom
aafea o4, -uonpadsut JyBiyisod Surnp wodo payyLIoA SEM JA[RA 3¢, "3SO[d O) ‘uado pofrej SA[E.
popurwwiod usgm uado pajrej 2AfeA uonejost wniay I9ZIpxo F9[-v $OY Y3u 9y uonejos! WAy PZIpXo J91-y SOHY W3y 6
‘$E-S LS 40f waruod Lafos v oN ‘$E-S LS w0 pauodas som pwoun oN
*(pa1adsns uoisnnul juefjadoad) 80-0€-SLS "ON Vil
2qoid [ony premioj oY) Jo aimjrej pajedrpur 1015ty ounprey pue ejep WS ‘sisAfeue
ainjrej 10j w1 Juos sem 98e3 oy, 94 T 0) I5LIIIP 0] ParAXS SEM )] %Y 6P 18 ‘pajrey 98e3 Amuenb 1ejoy [ang (SWO)
Suiseanap paddors 23e8 LAiuenb e101 [ong SWO 1YBu oY) ‘wing Z-SWO 99 Juunqg waIsAS Surraansuely enqiQ WY 8
YA.LIHAO
ATVNOILLVH ATVANONY "ON "03S
JONVLd3IOOV NSIH/SLNIWWOD JALYEIERE

SAINMVIWONY LHODITdNI 0€-S1S



uonipg Wa1sod $¢-SIS 8-9

PE-SILS 40f paajosar som s0p0f ysu sy|

‘aouewiojrod A1030€)STIES JOJ POIS9lal

pue ‘paxmbai yi pooejdas poisa) a19m SAD 24) JO [[& Jey) sem 1By 10j sjeuoney $E€-SIS U0 paypoda; som fpwoun oN
-opingd Suuds o) w Surwwe( pue jaddod 610-DLNI '°N dH
PAX200 sem sopow aIn[ie] AD S 341 Jo 9uQ “pauniojrad a1om SYIYD yea] eIy
9519491 ® peq (SFAD) AD .g. 19100 Jojendas ¢4 SJ ‘Anjua 10j pamSyuod sem Z1-0€-SLS "ON VAI
walsAs wNIPH SJ 0E-SLS 91 Usypy ‘padejdal pue paaowIal 91om pue SAIDJOp
3q 01 punoy AJ9M SAD JO 19QWINU ' °UOLIUNJ JOJ PaIsal pue pajadsur a1om (SJW) "soIN[Ie)
wasAg woisindoig utey ag1 wl SAD 18 ‘LOT-AO/0€-SLS Jo Suissavord Juung (AD) 9AfeA Y294D [iJ winijay ourduyg rA!
$E-SIS w0 payuodai som woun oy
611940
PE-SLS s0f waouoo &afos v JoN 990- 1940 °N ¥H
"PaUIEISI IS worpuny qim sHJD ¢ Jo ssof T1-0£-SLS ON VdI
smojje Louepunpay Apredord payiom D40 yuswooerdar oyy, ‘gr-£ Iy W 1od
DdD areds oy Y1 paoerdar pue poaowal Sem p# DJD ‘p# DO ISurede pojoa *dufs 0] payrej
T# PUR T# SOJD . OUAS 0} pofre], € paousiadxa p# DO uowsfeuew wasks oy, v# (OdD) 1mdwo)) ssodmy [erouan 1T
d4LIFHO
FTVNOILLVYH ATVNONY ‘ON "03S
JONVLAIDOV NSIH/SINIWWOD JAUCEITERE

SAINMTVWONY LHOITINI 0£-S1S



uonipg 31sod v€-SIS 679

"UONENIIS 3Y) PaIa110d pue Judwisnlpe Jo o Josuas O IN (HY)

pueH-1yS1y 2y} punoj Sunooysaqnos) DSY Fulravls [39ym ISOU IJeANDR Ajjenuew
01 M319 9} pasmbas pue sindu oy} a1oudi 0) 19ndwod oy} pasned sy, spuy
aremyjos 0} jeusaul SurF30) 2AISSO0Xd U 9yeW 0) S199Npsuen) (DNOM) 1890) ISON
-uO-14S19 M\ T 241 pasned nojjos Juunp pasamo] sem (OIN) Jean) Suipue IsON Y1
[oIgM Je 9)el 2Y) Jer) punoj uonesnsoau] ‘o[qeus Sulradls [29ym IS0U 0} UMOPYONO]
1293 950U WOIJ AB[3p PUOIIS-p INOGE PUR UONBID[IIE [B1d)e] 3-/T pawIjuod

PE-S LS 10 pauodas som {puoup oN
¥81-1990 ON dH

91-0t-SLS ON VdI

vlR(] "UMOPYINO] 1ead asou FuIMO[[0] UONRID[IIIE [e1dle] paliodar mam oy, *91e] 9[qeu9 Fu1II9IS [99YM ISON Sl
FE-S LS U0 pauodal som pwoup oN
PE-S LS 40f warnos afos v ON
881-1940 °N JH
-afeyeo| Jeuonppe Aue yojes o) }dwoane
0 pasaderp a1om SInuls oy, “sinas 9 woyy Surmod pny DIW Afqissed ‘pmyy jo g % VST-0t-SLS "'ON VdI
2d£) o) surmia)ap 03 o|qeun sem sisAfeue Ajoresoqe] (39 9Y) ur SWOS ‘)y3u 9Y)
ut 595uno g-p) Sutpuepsod s[jom [9oym 1ea3 Juipue| urew Yloq Ul punoj sem pingj ‘yea| ping 1ead Suipue] urepy $1
‘PE-S LS WO papodas som Apwoup oN
PE-SLS 40f waouod &pafos v JoN S9T-1990
TTT-1990 "ON 4H
*£Z-SLS U0 pIdNjou Isi1y sem sy -rojendar og) woiy ainssaxd yopino
19MO] pIemo) pual} & pamoys ejep 1yBigisod pue 13y 0e-SLS “(INO) uononusuy $1-0€-SLS "ON VAl
ueudurey pue suorjeradQ ue £4q no paBueyd sem Jun sig], “Funuaa yuel ‘NO
Suipuepsod Sunmp pue so3ind wing SWQ-150d Buunp uonesydads mopaq (ersd) *MO] pajendal
anjosqe your arenbs 1ad spunod ¢ pajendor solem3ar omssaxd NO SWO Bu ayq, 1o1engar amssaid IND SWO q3u 241, €1
Y4LIgd0
FTVYNOILVH ATYWONY 'ON "'D03S
IONV.LdIDOV HSIH/SLNIWWOD JAUEVERE!]

S3AINMVWONY 1HOITdNI 0£-S1S



uonipg 13iysod v¢-S1S 01-9

$E-SLS 20f waduos &iafos o JoN

"poulurexad1 Suraq are sadURISO],
235/1 00007 U3q 3A®Y PNOYS Y104 335/1y 0010 pamoys sjond sy, “(23s/)
puodos 1ad 1395 00907 PIMOYS JAAY S JOPUBWINOD) ) ‘INOYIYD SO Suungg

PE-SILS 20f waxuwod 3afos v JoN

"Mopum o) paoepdar HSY wiBLIO Ul proJoNIWOIW 3q 0} PIAAN[Iq sem Sulp
oy, "dosp spu ¢ sem Bunng -suoneoywads o|gemole uey) 1o31e] sem Suip 9y,

PE-SLS 20f paajosas som 20190f ysu sy,

‘womsod 013z Jo peajsur uonisod [9oyMm 9sou paInsedw Je 1ae)s 0)

1010vJ [RUONOAP Y} pIzifeniul Sfueyd arem)jos puodas 9g], “(Spuodas ¢ 0) puodss
$°0 WOo1j) UONIpuOd BwwWINIP ONOM ) Fumos o1 Joud syndur sosuas Suuredwod
10} oum 2y) paudyidud| oFueyo orEMIJOS ISITJ Y] SIOSUAS T IY) UIIM)Q

ske[op 9591 9jepomwmodoe 0) mopuim o) dn wado 0) spewr asom soueyd sremyos

FE-SLS U0 payodas som fowoun oN
11Z-1940 ON dH

61-0€-S.LS 'ON VdI

moydayd (§D) washg [onuo)

14311y Suump yBry sem Suipeas (JAAV)
101E21pU] AIDO[IA [EINIGA /opInfY 9y,
FE-SLS w0 pauodas som Kpuoun oN
600-1940 "ON dH

L1-0£-SLS 'ON VdI

"O# MOPUIM pIemio] uo 3w

LI

91

(ponunuo)) g1

HHLIFAO
FTVNOILVYH ATVNONY ‘'ON '03S
FONVLAIDOV NSIH/SLNIWWOD ALE[ERE]

SAI'TVINONY 1HOIT4NI 0£-S1S



uonpy W3iHsod y€-SLS 11-9

‘+£-S LS w0 papodas som djpuoun oN

+E-S LS 20f waduod Kafos v N

'sjoyue|q payIpow Yum paoejdar
o1om syoquelq oy L ‘paddeusun punoj oxom sdeus sutu ‘womippe uj oFewep

VorZ- 1980 'ON dH

02-0£-S.LS 'ON VdI

19A0) paurelsns ‘payrpour AJuada1 9soy) 0) Jusoelpe ‘spyue|q peayynq LOE] WOS ‘o8ewrep 1ayue[q peIgyng 81
L1930

JTVNOILVYH ATVINONVY "ON "03S

JFONVLAIDOV MSIH/SLNIWWOD /INIW33

SANMVINONY LHOIT4NI 0E-S1S



uonipy WIINsod +€-S1S -9

PE-SILS 20f wauod Kafos v JoN

‘spuoqun
3Y) JO asned 9Y) 3q 0) paAANq St SIqY, 'sd} 66-06 01 sdy Oz £q Anoopaa Anjuo
I2)em JO 9SRIIOUL UR Ul PIYNSAI SIY) ‘aunjre) onyoered paouanradxa 191500q HY YL

-soed

ul APuaLInd Sre saoejms 959y} J0j syuawonnbar uedssuo) wnwury pIreniur sem
paise[q 118 2q 01 dejms Juipuoq ainus oY) Sumope ofueyd v iBuans puoq [ess
19¢Jeam () ONPII 0) PUNOJ SeM SSIUYJOOWS IIBJINS IS “IOAIMOH ‘Spuoqun y)
JO 9sned 9y} 9q 0} J0U PIUIWIINIP SeM UONEWWEIU0Dd ddejins Suipuog ‘wonednsaaur
Japun sasned gqqrssod arom ‘speoy umopyseds jewrsou uey) 1aySiy pue ‘Kjquiasse

pue 3uissasosd Suump woneutweIuo) ased Jojow oY) pue rowud oz RO[WOYD)

3Y) u29M)Iq SAIN[IE) JAISIYpR 19m spuoqun [y “(yutof A1010e] swop Jye-03-19ujyNs
pue jutol £1010e) 19u3pNs-03-13uspyIs) Juswos e o) pue Juiol £101oe] Juowdos

*Sppo] umopysoyds o) pamquip iam
spuoqum 253y “SPUOGUT ID3S INIDIM
spuns poy WYS (H'7) PuOH-Y>T #€-SLS

g 'A3Yy 01-09
70-04 'ON dH

TO-W-0£-SLS "ON VdI

J91u22 pIremIoj 9Y) papnpul spuoqun 58pa e oy f, °s[eas 1oyieom ymol L1010e) oY) “Burpuoqun
Jo spuoqun 93p3 1Je [e1943s PAYNUIPT WYS YOI 0E-S.LS Y JO uonpadsur JySisoq a8ps e [ees 1ayleam Juiof Liopeg 1
WIS
~FTVYNOILVH ATVINONY ‘'ON '03S
FONV.LIOOV MSIH/SLINIWWOOD JAUEERE!

SANMVINONYV LHOITANI 0£-S1S



uonipg 31sod +€-SLS €1-9

+E-SLS 40f waruod afos o oN

21Ny OY) Ul 2In{Ie]
anyaered sig) yuaas1d 0) pasn aq jpm sdoysdry -vunqrey/Afewoue dynyoered (gys)

101500 19Y20y PIOS ¥2] 2Y] YIm pajerdosse speo] umopyselds y3ig 0 painqune ‘PE-SLS U0 pauodas som Auoun oN
219M UOIPUO) paqqnus, pue sfewep sremprey djzzou 3y], .p/¢ A[PIewxoidde
premio] payalans 9q 01 Juireaq x2p) 2y duisnes sSus pua Juireaq oy) pue 2uod g 'A% 80-Nd ON ¥H
X0 PIEMIO] o) UM padpam o19m sjudwBas 1aqqnus pue Junr poddns soqqnug
089 1e uonisod yewiou s} Uy Sem pue gp7 Je premioj 01 padeidsip sem Suur yioddns €0-W-0€-S.LS "ON Vil
9Y] °PaJeays 219M U0 JIX3 premio} 2y 0) Suur 1roddns s2qqnus o) Surpouuod
s)joq Ty ‘uonrsod [y 1) JO N0 padpom sem Jzzou Iy “Junr pud ye oy uowaoeldsip Suis 30qqnus
oju1 pagpam pue premioy Apydijs psoejdsip sem Julr saqqnus ozzou WS YO YL a[zzou (JNYS) 1010 19420y PIOS €
$E-SLS 40f wacuod afos v JoN
‘uorpadsm

g3no1oy) Juamiapun pue S3ewep Furpuey opnpaxd 0) srurEUCd W1 padexyded
219m s1aysed oq sYO9YO Yeo] passed AJ[nJssadons sAeq pg-SIS 10] s10ysed sonufy

"punoj serfewoue ou Y ‘oewrep sepwis 103 poaypadsurar 219m $2103s w s1Oysed v ‘$E-SLS w0 papodas spm fpwoun oN
"Ieopun sem d3eurep oyl Jo Isned JoEXI IY) Inq ‘I19AYS 10 33pa [ejouwr pasrel d "A%Y Z0-1d 'ON ¥H
dreys e £q posned uoaq aaey o) sreadde )] “eare pIoa Y1 Ul D[QISIA JOU Sem pue
3oej paemioj Joxsed oY) uo sem nd aq L, ‘doap 000 4q apm 01070 Aq Buoy L0100 70-0€-S.LS "ON VI
Aareurnxoidde sre suojsuoum(g -preoqu (feuoFerp e 1e) A[[eIpel SPUIIXD pUE UMOID
2y} Jo 9406 Arrewmxordde wo sISIX? INd of ], 19ysed 19)n0 9y} Jo [eas Arepuodrss ‘Joysed
21) UO _G8T 1B IND B pofearas joxsed 1Bt WYS Jof 2y Jo uondadsur JySipsoq 12100 2Yy) JO [eas A1epuoIIs ) Wi In)) ré
WHYS
FTVNOLLVYH ATVINONV ‘ON "03S
FONVLd3IOOV MSIH/SINIWWOD /ININI3

SAINMVINONYV LHOITANI 0€-S1S



uonipy W31JIsod +¢-S1S $1-9

FE-SILS 20f 21qid2d0m SDPM 4019Df ASU STY],

ysu
sjqeidacoe ue papirosd udisop Juasaxd o) yim aseq 2ousLadxd 3y, ‘yoene pajs
ay) uo soSuey> woneinSyuod/[eusvrew pue ‘dn Snjd pue yoene pnis oyl usamiaq
I0)R[OSI YI0YS JAGQNI JUOITS B JO UOIIppe papnput saduey) ‘§O 3Y) 9doueyud 0)
paIEINuL Sem ONEIYTPOW dJeMpIEY | SSE[D V (H'0E-SLS PUE ‘I'6Z-SLS ‘$'97-SLS)
sIY31y 151y oy g3noxy) (10} 7€) SAAH 6 UO SHQ3P JAH UTeIN0d A[[ny 0}

PaITe) SOA 241 “(dTIN) WwaopIeld youne 9IqO 24 38 pris umoppjoy 3y jo doy
U0 PUNOJ 9I9M ‘SOUNO ' JO [210) © poyBiom PoIym ‘C# JAH Wwodj siuswses Jnu
moyg -uoneredss nu siqduesy £4q porerousd suqop [enuajod e urejas o) L4 pue
‘S# ‘t# ‘T# suonedof Je Axadoad uonduny jou pip SOA (dAH) 1504 UMOPPIOH YL

‘$E-S LS 40f wraouod Kafos o JoN

sy yuonbosqus pue ge-S1S 10§ sanydesed urew fje uo uoneynswajdun

10J paqnpayds Apuarmd st doysdiy gys 1od smnyoesed urew [ uo pajuawddun

aq fim doysdir ‘syyBryy ¢ Bumoijo) a1 pue ¢¢-SIS 104 -oInyoered 9y Jo anjie)
sqdonseres yuoaaid s sigl, ‘uoqqu doysdi e suy 3t uoym dois [im 1ea) o
‘s)reys 189} JUSBIoAlp ® | -oBewep juowkojdap paouarradxo goiym wordos oyl JusA
oy} reou anydered 3Y) JO SOUSIJWNDIR oY) punose suoqqu doysdur paseds Ajqerrea
9 9oejd 01 papayjo Buraq st afuey) -ainprej sngoered siy) pajussocad daey pinom
fjqeqoad (omyoered o) punose umas spueq reuonippe) doysdiy suoqqis passansip
o1 Sumnsas (sdy gpg Jo A100jaA e je) sBeq ainyoesed ay) woiy JuswLojdap

Sump (puBosy) (SSAW) 2:npnng poddng snyoereq urey ay) Jsutede padio) sem
angoered ay) ‘Apuanbasuo) - 0z ueyy 19)eard oFue ue e Junueo sinydered oy
I pajeposse oq 03 pareadde asnes ojqeqoad jsowm ogf, des yusa oy ssosde pue
puUEq 1u9A 9Y) YSnosy) pueq UTYS 9Y) WOIJ PI[IEJ £6 910) ‘SHOQGGU UINOIQ GTE 1M
219y ‘uonepm [enyul 135k Aproys pasdefjod z# snyoered wew gys H1 YL

PE-S 1S 10 pauodas som gpwoun oN
f "A2Y 71-09-4 'ON ¥H
20-9-0£-S.LS 'ON VdI

*(sSD() SWIISAS JudWUTRINO.)
suqaq opdnnu woiy 3s0f sLqaQ

bE-S 1S U0 pauodas som Kiowoup oN
10-9-0£-SLS "ON Vdl

‘a1njrej onyoesed urew gYs H1

!

m
=4
7

JIVNOILVYH
JONV.LAIDDV MSIH/SINIWWOD

ATVINONV

‘ON "D3S
/1N3W313

SAIMYWONV 1HOIT4dNI 0£-S1S



uompg WSINsod vE-S1S S1-9

PE-SLS 40f waouod K12fos v JoN

-myoered

UTewW 90O JO SSO[ WOIJ PAINsaI speo] Pedun 19)em [PWIOT UeY) ISY3IH "9SEd
1010w oY) urym dmssaid eursjur sanedou pue speoy osdefj0d ANAed Jo uONEUIGWOD
® 0] painqune sem ofewep oy, -.4/1 Ajprewxosdde sem ded wnwmxepy

+E-S IS Y0 panodar som Kpwoun oN
d ‘A9 90-0¢-9 ON dH
+0-9-0¢t-SLS ON VdI

‘uonjeredas qam

€87 1wowmBas Suur wo 001 A[9rewxoidde jo yiSus| v 10§ pasMdd0 uoneredag pue des Sury juowyoeny 13 948S H1 4
PE-SLS 10 pauodas som Aipwoun oN
snsyf neanbasqns 10 $6-S LS 20f waduod afos v JON
g "A9Y 90-0t-9 'ON dH
‘edun 191em [eniur umoljo)
30U21In300 03 9np 1YS1[ 0} JUTEIISUOD B JOU SEM SIYJ, 9[qesna1 Jou si Juaw3as €0-9-0€-S.LS ON VAl
8uu oyl “yuowmBos Suux oy Jo Suponq Suunp poyrej sI5ULISE) Y Jey) paIjediput
$O[0Y 19A0D pUR SIDUI)SE] 3Y) UO DUIPWD [eIskyd “GS Y3 3Y) Jo 19ydeIq *SIJUQ)SBJ paIeoys
M0] JOQIeY-U1 9y} JEIU JJO PAILSYS IIoM SIJUIISE] JOA0D Fuly V.LH Y} JO Moy 19A00 (V1) owydeny 19 935 H'1 €
q4ds
JFTVNOILLVH ATVWONY "ON ‘O3S
JONVLdIDOV HSIH/SLNIWWOD /IN3IW33

SIITVIWONV 1HOIT4NI 0€-S1S



uonipg W3IHSod v¢-SLS 91-9

¥£-SLS 20f waouod &2fos v JON

s1q31y 2anyny uo Surdwnd oL apnpoaid m

(Sd1) waIsAg uonI901g (WIS UI| HONRINOIDII 3Y) O) SUOHEIJIPO “Turjuoa
pue moistu e JudAd1d 0) 10400 smO[[2q 9Y) uo 10Ie[qe pasodx2 oy 03 pordde
8uraq st (A LY) 21eziuedna sinjeradwo], wooy ‘92ud1Indd0 Jogjoue Jusadld

0], "SI09JJ2 [BIUOWLIIOP OU M (E-SLS UO UMO[J JABY PINOD JUT| UOTIR[NIIDDI

STy} ‘pIaTYs SMO[eq 9yl 01 parjdde Jojejqe uo uonediidde ppgox D 10J pasu ojqissod
® poynuapl uondadsur ySnoyly -ainfrej asip isinq e Jo uoisnfl 3y} Sureasd snip
‘mre pmbry jo Swidwnd sruaBokis ur paynsas asip 1sInq oY) JO BAIR OY) UL JAISIYPR
VIS 00€£9XD 91 WI PIOA ® ‘12A9MOH “pafewrepun pue pejm 219M (V1S) 101e|qY

193y7 19dng pue wone[nsuy ureoj no-ferd§ punoj 219 SYEI| OU PUE JDVIUT SEM ‘+€-SLS u0 pauodas som muwoun oy
2SI 15Inq 9Y) Jey) PIUIWIISNAP SeM )] INOYOYd pue 1531 10] (DISW) 193D Y31
2oedg [[eySIE puR IOPUIA ) 0) UMOJJ Sem 2UI| O[NNI parowal ay], “ped 90'S 'ON dH
9Y) o II9M L F PUe JINGIQO ) M padedor pue poAowII SeM JUI[ 9y, ‘Youne|
Suump Ajreuniou pauorpuny sulj Juowade[das ay ] "OSIp JSINQ UL UONENONISL 10-L3-0€-SLS 'ON VdAI
THT 29) JO eare oY) w1 PaAIasqo sem mofj snoased ‘sdwnd uonenonras uaBospiy
21 Jo wmopings I9yye sonmum ¢ Ajoreunxordde pue gg-SIS JO qnuds o) Smmofjoq ‘U] UONRINAINAI ‘Y .y W Yea] 1
i
FTVYNOILYH ATVAONY ‘ON "03S
JONVLd30IV NSIH/SINIWWNOD JAUEERE

SAINMVINONY LHOITdNI 0£-S1S



SECTION 7
STS-34 INFLIGHT ANOMALIES

This section contains a list of Inflight Anomalies (IFAs) arising from the STS-34
mission. Each anomaly is briefly described, and risk acceptance information and
rationale are provided.

7-1 STS-34 Postflight Edition
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Engine Interface Unit #3 momentary 60-kilobit data stream loss.
Auxiliary Power Unit #1 fault to high speed.

Multiplexer-Demultiplexer Flight-Critical Aft #1 Input/Output Errors.
Auxiliary Power Unit #2 Gas Generator/Fuel Pump heater "A"
inoperative.

Flash Evaporator System Hi-load inboard duct temperature low.
Auxiliary Power Unit #3 seal leak into drain bottle.

Right Orbital Maneuvering System engine cover heater system "B" failed
off.

Auxiliary Power Unit #2 fuel pump heater "B" cycling high.

Cryogenic Oxygen manifold #2 isolation valve did not close.

Right vent door #3 motor #1 operating on 2 phases.

External Tank/Orbiter Liquid Oxygen aft separation hole plugger failed.
Right-hand stop bolt was bent on centering ring of forward External Tank
attach separation assembly.

Right Solid Rocket Booster Holddown Post #2 broached and shoe lifted
from Mobile Launch Platform during liftoff.

Right Solid Rocket Booster forward segment missing Thermal Protection
System from forward section of systems tunnel cover.

Left Solid Rocket Motor rock actuator bracket damage.

Left Solid Rocket Motor factory joint weather seal forward edge unbonds.
Putty on right Solid Rocket Motor igniter outer gasket and left Solid
Rocket Motor igniter gasket retainer.

Left Solid Rocket Motor center field joint aft side unbond of KSNA
closeout.

Left and right Solid Rocket Motor aft dome Ethylene Propylene Diene
Monomer blisters.

7-2 STS-34 Postflight Edition



SECTION 7 INDEX - (Cont.)

Main injector heat shield retainer ring segment failure.

Connectors on Solid Rocket Boosters improperly torqued and lockwired.

7-3 STS-34 Postflight Edition
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SECTION 8

BACKGROUND INFORMATION

This section contains pertinent background information on the safety risk factors
and anomalies addressed in Sections 3 through 7. It is intended as a supplement to
provide more detailed data if required. This section is available upon request.
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AC
ACA

AFTA
AMOS

APU
ARS

AVVI

BFS
BITE

CA
CAD

CCA
ccs

- CFF
CH
CPM

~ CRU
cvV
CVAS

DCS

DCU
— DMA

DWV

EAFB
ECLSS
ECP
ECS
EDT
EIU
EPDM

APPENDIX A
LIST OF ACRONYMS

Alternating Current
Annunciator Control Assembly
Air Force Base

Aft Frame Tilt Actuator

Air Force Maui Optical Site
Aft Propulsion System
Auxiliary Power Unit

Air Revitalization System
Acceptance Test Procedure
Acceptance Test Program
Altimeter Vertical Velocity Indicator

Backup Flight System
Built-In Test Equipment

California

Computer Aided Drawing
Cubic Centimeter

Circuit Card Assembly

Cubic Centimeters Per Second
Carbon Fiber-Filled

Channel

Cell Performance Monitor
Converter Regulator Unit
Check Valve

Configuration Verification Accounting System

Debris Containment System
DigitalComputer Unit

Direct Memory Access
Dielectric Withstanding Voltage

Edwards Air Force Base

Environmental Control and Life Support System
Engineering Change Proposal

Environmental Control System

Eastern Daylight Time

Engine Interface Unit

Ethylene Propylene Diene Monomer

A-1
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APPENDIX A

LIST OF ACRONYMS (Cont.)

EPS Electrical Power Systems

ET External Tank

ET/SEP External Tank/Separation

ETA External Tank Attachment, Explosive Train Assembly
F Fahrenheit

FA Flight-Critical Aft

FA-1 Flight Aft 1

FC Fuel Cell

FCL Freon Coolant Loop

FCS Flight Control System

FCV Flow Control Valve

FD-2 Flight Day 2

FDA Fault Detection and Annunciator
FES Flash Evaporator System

FID Failure Identification

FMEA/CIL Failure Modes and Effects Analysis/Critical Items List
FOS Factor of Safety

FP Fuel Pump

fps Feet Per Second

FRR Flight Readiness Review
ft Feet

ft/sec Feet Per Second

g gravitational acceleration
GG Gas Generator

GG/FP Gas Generator/Fuel Pump
GGVM Gas Generator Valve Module

GH, Gaseous Hydrogen

GHCD Growth Hormone Concentration Distribution
GN, Gaseous Nitrogen

GOX Gaseous Oxygen

GPC General Purpose Computer

gpm gallons per minute

GSE Ground Support Equipment

H, Hydrogen

HDP Holddown Post

HPFTP High Pressure Fuel Turbopump
tHPOTP High Pressure Oxidizer Turbopump

HR Hazard Report
HVAC Heating, Ventilating, and Air Conditioning
Hz Hertz

A-2 STS-34 Postflight Edition



I/O0
IEA
IFA
in-1b
in/sec
INTG
IUS

JPL
JSC

Kbit
KSC

L-2
Ib
Ib/hr
LCC
LDC

2
LiOH
LO,
LOX
LPFP
LRU
LSFR

MADS
MCC

MDM
ME
MEC
MECO
MET
MLE
MLI

MPS
MPSS
MSA-1
MSE

APPENDIX A
LIST OF ACRONYMS (Cont.)

Input/Output

Integrated Electronics Assembly
Inflight Anomaly

Inch-Pounds

Inches Per Second

Integration

Inertial Upper Stage

Jet Propulsion Laboratory
Johnson Space Center

Kilobit
Kennedy Space Center

Launch Minus 2 Day Review
Pound

Pounds Per Hour
Launch Commit Criteria
Lot Date Code

Left Hand

Liquid Hydrogen
Lithium Hydroxide
Liquid Oxygen

Liquid Oxygen
Low-Pressure Fuel Pump
Line Replaceable Unit
Launch Site Flow Review

Modular Auxiliary Data Systems
Main Combustion Chamber
Mission Control Center
Multiplexer-Demultiplexer

Main Engine

Main Engine Controller

Main Engine Cutoff

Mission Elapsed Time

Mesoscale Lightning Experiment
Multilayer Insulation

Mnbile Launch Platform

Main Propulsion System

Main Parachute Support Structure
Marshall Sprayable Ablator No. 1
Mission Safety Evaluation

A-3
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APPENDIX A

LIST OF ACRONYMS (Cont.)

msec Millisecond

MSFC Marshall Space Flight Center

MTBF Mean-Time-Between Failure

mV Millivolt

NASA National Aeronautics and Space Administration
NBR Nitrite Butadiene Rubber

NDI Nondestructive Inspection

Ni Nickel

NLG Nose Landing Gear

NPSP Net Positive Static Pressure

NSI NASA Standard Initiator

NSRS NASA Safety Reporting System

NSTS National Space Transportation System
O, Oxygen

OFP Orbiter Processing Facility

Ol Operational Instrumentation

OMI Operations and Maintenance Instruction
OMRSD Operational Maintenance Requirements and Specifications Document
OMS Orbital Maneuvering System

OPO Orbiter Project Office

OPOV Oxidizer Preburner Oxidizer Valve
OPS-0 Operational Software Mode 0

ORBI Orbiter

oV Orbiter Vehicle

PAR Prelaunch Assessment Review

PASS Primary Avionics Software System
PDU Power Drive Unit

PLS Primary Landing Site

PM Polymer Morphology

PRCB Program Requirements Control Board
PRD Pressure Relief Device

psi Pounds Per Square Inch

psia Pounds Per Square Inch Absolute
psig Pounds Per Square Inch Gage

PTI Program Test Inputs

Q Dynamic Pressure

QD Quick Disconnect
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RCN
RCS
RH
RI
RM
RTG
RTLS
RTV

S/N
S&A
SEP

SLA
SMDC
SR&QA
SRB
SRBTS
SRM
SRM&QA
SSC
SSBUV
SSME
SSRP
STEX

STS

TAL
TBI
TCDT
TDRS
TPS
TVC

U/N
UCR
USBI

APPENDIX A
LIST OF ACRONYMS (Cont.)

Requirements Change Notice

Reaction Control System

Right-Hand

Rockwell International

Redundancy Management

Radioisotope Thermoelectric Generator
Return to Launch Site

Room Temperature Vulcanizate

Serial Number

Safe and Arm

Separation

Super Light Ablative

Shielded Mild Detonating Cord

Safety, Reliability, and Quality Assurance
Solid Rocket Booster

Solid Rocket Beacon Tracking System
Solid Rocket Motor

Safety, Reliability, Maintainability, and Quality Assurance
Stennis Space Center

Shuttle Solar Backscatter Ultraviolet
Space Shuttle Main Engine

System Safety Review Panel

Sensor Technology Experiment

Space Transportation System

Transatlantic Abort Landing
Through-Bulkhead Initiator

Trail Countdown Test

Tracking and Data Relay Satellite
Thermal Protection System
Thrust Vector Control

Unit Number
Unsatisfactory Condition Report
United Space Booster, Inc.
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VPF
VREL
VSWR

WONG
WOwW
WSB

APPENDIX A
LIST OF ACRONYMS (Cont.)

Vertical Processing Facility
Relative Velocity
Voltage Standing Wave Ratio

Weight-On-Nose Gear
Weight On Wheels
Water Spray Boiler
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